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James H. Vander Weide is Research Professor of Finance and Economics at the Fuqua School of
Business, Duke University. Dr. Vander Weide is also founder and President of Financial Strategy
Associates, a consulting firm that provides strategic, financial, and economic consuiting services,

including cost of capital and valuation studies

Educational Background and Prior Academic Experience

Dr. Vander Weide holds a Ph.D. in Finance from Northwestern University and a Bachelor of Arts
from Cornell University In January 1972, he joined the faculty of the School of Business at Duke
University and was named Assistant Professor, Associate Professor, and then Professor. In 1982, he
assumed the position of Associate Dean of Faculty Affairs at the Fuqua School. He resigned this position
in July 1983 and is now Research Professor of Finance and Economics.

Since joning the faculty at Duke University, Dr. Vander Weide has taught courses in corporate
finance, investment management, and management of financial institutions. He has also taught courses in
statistics, economics, and operations research, and a Ph.D. seminar on the theory of public utility pricing.
Dr. Vander Weide has also been active in executive education at Duke. Dr. Vander Weide helped design
the Duke Advanced Management Program at the Fuqua School of Business and served as Program
Director for this program for five years. Dr. Vander Weide now serves as Program Director and teacher
in many executive programs designed to prepare managers for the competitive environment in American
industry.

Publications

Dr. Vander Weide has written a book entitled Managing Corporate Liquidity: An Introduction to
Working Capital Management published by John Wiley and Sons, Inc. He has also written a chapter
titled, "Financial Management in the Short Run" for The Handbook of Modern Finance, and written

research papers on such topics as portfolio management, capital budgeting, investments, the effect of
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regulation on the performance of public utilities, and cash management. His articles have been published
in American Economic Review, Financial Management, International Journal of Industrial Organization,
Journal of Finance, Journal of Financial and Quantitative Analysis, Journal of Bank Research, Journal
of Portfolio Management, Journal of Accounting Research, Journal of Cash Management, Management
Science, Atlantic Economic Journal, Journal of Economics and Business, and Computers and Operations

Research

Professional Consulting Experience

Dr. Vander Weide has provided financial and economic consulting services to firms in the
electric, gas, insurance, telecommunications, and water industries for more than 20 years. He has testified
on the cost of capital, competition, risk, incentive regulation, forward-fooking economic cost, economic
pricing guidelines, depreciation, accounting, valuation, and other financial and economic issues in more
than 350 cases before the U.S. Congress, the Canadian Radio-Television and Telecommunications
Commission, the Federal Communications Commission, the National Telecommunications and
Information Administration, the Federal Energy Regulatory Commission, the public service commissions
of 40 states, the insurance commissions of five states, the Iowa State Board of Tax Review, the National
Association of Securities Dealers, and the United States Securities and Exchange Commission. In
addition, he has testified as an expert witness in proceedings before the U.S. District Court, District of
Nebraska, U.S. District Court, Eastern District of North Carolina; the U.S. Bankruptcy Court, Southern
District of West Virginia; and the United States District Court, Eastern District of Michigan. With respect
to implementation of the Telecommunications Act of 1996, Dr. Vander Weide has testified in 28 states on
issues relating to the pricing of unbundled network elements and universal service cost studies and has
consulted with Bell Canada, Deutsche Telekom, and Telefénica on similar issues. He has also provided
expert tesimony on issues related to electric and natural gas restructuring. He has worked for Bell
Canada on a special task force to study the effects of vertical integration in the Canadian telephone
industry and has worked for Bell Canada as an expert witness on the cost of capital. Dr. Vander Weide

has provided consulting and expert witness testimony to the following companies:



Telecommunications Companies

ALLTEL and its subsidiaries
AT&T

Bel] Canada

Centel and its subsidiaries
Citizens Telephone Company
Contel and its subsidiaries
Deutsche Telekom

Heins Telephone Company
NYNEX and its subsidiaries (now Verizon)
Roseville Telephone Company
Southern New England Telephone
The Stentor Companies

Union Telephone Company
Woodbury Telephone Company

Water, Electric and Gas

American Water Works

Progress Energy

Central Illinois Public Service

Citizens Utilities

Consolidated Natural Gas and 1ts subsidiaries
Interstate Power Company
Iowa-American Water Company
Iowa-Illinois Gas and Electric

Iowa Southemn

Kentucky Power Company
MidAmerican Energy and its subsidiaries
Nevada Power Company

NICOR

North Carolina Natural Gas

Northern Natural Gas Company

North Shore Gas

PacifiCorp

PG&E

Peoples Energy and its subsidiaries

The Peoples Gas, Light and Coke Co.

Other Professional Experience

Ameritech

Bell Atlantic and subsidiaries (Verizon)
BellSouth and its subsidiaries
Cincinnati Bell (Broadwing)

Concord Telephone Company

GTE and subsidiaries (now Verizon)
Minnesota Independent Equal Access Corp.
Pacific Telesis and its subsidiaries
Phillips County Telephone Company
SBC Communications

Sherbume Telephone Company
Sprint/United and its subsidiaries
Telefdnica

U S West (now Qwest)

Public Service Company of North Carolina
PSE&G

Sempra Energy

South Carolina Electric and Gas

Southern Company

United Cities Gas Company

Insurance Companies

Allstate

North Carolina Rate Bureau

United Services Automobile Association
(USAA)

The Travelers Indemnity Company

Gulf Insurance Company

Dr Vander Weide conducts in-house seminars and training sessions on topics such as financial

analysis, competitive strategy, financial strategy, managing growth, mergers and acquisitions, capital

budgeting, cost of capital, cash management, depreciation policies, and short and long-run financial

planning. Among the firms for whom he has designed and taught tailored programs and training sessions

are ABB Asea Brown Boveri, Accenture, Allstate, Ameritech, AT&T, Bell Atlantic, BellSouth, Carolina



Power & Light, Contel, Fisons, Glaxo Wellcome, GTE, Lafarge, MidAmerican Energy, New Century
Energies, Norfolk Southern, Pacific Bell Telephone, The Rank Group, Siemens, Southern New England
Telephone, TRW, and Wolseley Plc. Dr. Vander Weide has also hosted a nationally prominent
conference/workshop on estimating the cost of capital. In 1989, at the request of Mr. Fuqua,

Dr Vander Weide designed the Duke Program for Manager Development for managers from the former
Soviet Union, the first in the United States designed exclusively for managers from Russia and the former
Soviet republics.

In the 1970’s, Dr. Vander Weide helped found University Analytics, Inc., which at that time was
one of the fastest growing smal) firms in the country. As an officer at University Analytics, he designed
cash management models, databases, and software packages that are still used by most major U.S. banks
in consulting with their corporate clients. Having sold his interest in University Analytics,

Dr Vander Weide now concentrates on strategic and financial consulting, academic research, and

executive education.
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Summer, 1974, pp. 92C96 (with S. Maier). Reprinted in Management Science in Banking,
edited by K. J. Cohen and S. E. Gibson, Warren, Gorham and Lamont, 1978.

“A Finite Horizon Dynamic Programming Approach to the Telephone Cable Layout
Problem,” Conference Record, 1976 International Conference on Communications (with S.
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“A Unified Location Mode) for Cash Disbursements and Lock-Box Collections,” Journal of
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“A Strategy which Maximizes the Geometric Mean Return on Portfolio Investments,”
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edited by K. V. Smith, West Publishing Company, 1979.
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“Expectations Data and the Predictive Value of Interim Reporting: A Comment,” Journal
of Accounting Research, Spring 1980 (with L. D. Brown, I. 8. Hughes, and M. S. Rozeff).

“Deregulation and Oligopolistic Price-Quality Rivalry,” American Economic Review,
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Logue, published by Warren, Gorham, & Lamont, Inc., New York, 1984.

“Investor Growth Expectations: Analysts vs. History,” The Journal of Portfolio
Management, Spring 1988 (with W. Carleton).

“Entry Auctions and Strategic Behavior under Cross-Market Price Constraints,”
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A Note on the Evaluation of
Cancellable Operating Leases

Thomas E. Copeland and J. Fred Weston

The arithors teach i the Graduate Schoal of Managemenr ae the

Unaversity of Califormua ar Lan drngeles,

B Many central theoretical ssues on fong-term Jeasing
were sctiled by Miller and Upion |8}, Lewellen, Long and
MecConnell [6), and Myers, Dill and Bautista [9]." Issues
of clarification and implementation can be found n
Levy and Saranat 5], The loliowing paper cxtends the
analysis of lease contracts to tnclude cancellable oper-
ating leases.

For expositional purposes lease contracts can be di-
vided nto two btoad categones: 1) pure financial
leases and 2) operating leases. Pure [inuncial leases me
assumed to be perfect substtutes lor debt capital be-
cause they are not cancellable without bankiupley and
they ate tully amortized On the other hand, operaling
leases are riskier from the lessor’s point of view be-
cause they may be cancelied at the option of the lessee
and cannot {by law) be fully anortrzed.

We wish to thank Dan Galat, Robert Geske aird Keldeop Shantie for then
helpful comments

"The distingtion botween Jung-term and short-term feases 15 not tny-
1, Shorl-lerm foases such aa hotel room rentals are probably more
efficient than buyug for o day simply because uf transaction covt diller-
cnces However, the cifect of such frictions is nunmmmzed for kang-lrved
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"The [irst part of the paper provides a brief review o
the analysis of pure (inancial leases. The sccond P
solves the problem of evaluuting cancellable operaiin,
leascs by using the Cox, Ross and Rubinstein [2] bi
nouual option pricing method. From the lessor's poin
ol view a cancellable operating lease is cquivalent log
pure financial tease minus an American put option wi
a {(non-stochastic) declining exercisg price. The ex
pected rate of returi on a cancellable Jease is shown (
be hugher than the rale on a pure financial lease. !

The Analysis of Pure Financial Leases
Pure Mmancial feases we assumed to be perfect sub—
stitutes for debt. The lessee takes the before-tax rcnt
rate, L,, as an input in making a comparison betwee
leasing and borrowing. The analysis involves the fol
lowmng differential cash flows:
a A cash saving amounting (o the dollar .unoumof
the vestment outlay, 1, which-the firm does G
have 1o mcur il 1L leases. :
b A ush uulﬁow ..uuounlmg, tothe ple';cm valueo

PVI(I 1 )LI

-
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Pl

c. The present value of the opportunity cost of the

lost deprecration tax shield, PY(x dep,).

d. The present vaiue of the charnige in the tnlcrest lax

shield on debt which is displaced by lease financing,

PV{t A(rD,)], where D, is the remaining principal of

displaced debt in period t, and r is the coupon rale.
These four terms, when discounted at the proper rale,
give the net present value (NPV) of the lease contract
{o the lessee. 17 the NPV (to lessee) > 0O the [ease will

be accepted

NPV (lessee) = 1 — PV{{I—-1)L]

—~PV [tdep] — PV[TACDI (1)
Becausc this definition of cash flows cxplivitly mn-
ciudes the tax shicld of displaced debl 1n the numerator
of the present vaiue equat:on, the cash flows should be
discounted at the before-tax cost of capital, The be-
{pre-tax cost of debt capitul, k,, is relevant because the
lese contract 1s o perfect substitute for debt. It has the
" same risk Therefore, we have

N‘P.V (lessec) =

* N

) -3l +
I Zl ( TJ .

, 1=

tdep, + T AQD)
(I + k)

If correct, this approach should show the lessec to be
indifferent to the contract (1 e., NIV (lessee) = 0)
when the lessor's minimum leuasc fee is substituted nlo
the equation. The computation 15 larly cumbersome
because the displaced tax shicld, T/A(rD)), changes
each period.

Myers, Dill and Bautista {9] and Levy and Sarnat |5]
have shown Lhat an equivalent approach is to account
for the interest tax shueld by discounting ot the after-lax
cost of debt and eliminating the third term' from the
numerator of the righthand side of Equation (2) For
constant lease payments, Equations (2} and (3) arc

equivalent.

N fh-1)L, + tdep,
[+ = )k, )

(3)

NPV (Jessee) = | — Z

Note that from (he lessor’s paint of view K, 1s the
tending rate on debt capital. It 1s the Jessor's weighted
average cost of capital, WACC (lessor), grossed up by

the lessor’s effective marginal tax rate.?

Fgr reasans why the marginal effective Lux rale, nuy be different
from the corporaticn’s margmal nommnal lax rac see Miller (7] and

DeAngelo and Masulis 131.

(2)
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WACC(lessor)
e TR @)

Therefore, when discounting the cash Nows of Equa-
tion (3) from the lessor’s point of view, we have

NPV(lo lessor) = —~|

N
M Lil—1) + tdep,

T+ WACCY (3)

{=1

where WACC(lessor) = (1--1 )k,. The equivalence of
Equations (3) and (5) demonstrates that the financing
decsion is the same from eilher the lessee’s or lessor’s
point of vicw. Also, 1t is worth mentioning that the
lessee’s indilference o the contract will result only
when all terms in Equations (3) and (5} are symmelri-
cal Espccially important are (he effective tax rates of
the lessor and Jessee. Lewellen, Long and McConnell
16] have shown that with diflerent effective tax rates
for the lessor and lessee the Jease may have positive net
prescnt values Tor both pimtes

1

The Evaluation of Operating Lease
Contracts

Operating leases are different from pure financial
leases in two important ways. First, and most intpor-
tank, Lthey may be cancefied at the option of the leasce,
From the pomnt of view of the lessee, capital employed
under operating lcase contracts becomes a variable
cost (ruther than a fixed cost) because the lease may be
tesmaated (sometimes reguiring a penalty to be paid)
and the Jeased asset may be returned whenever eco-
nomic conditions worsen. This is hike having equip-
ment that can be laid off. From the lessor’s pownt of
view, operaling leases are obviously riskier (han finun-
ciad leayes, A financial lease, hke a loan, is sccured by
all of the {irm's assets. An operating lease is not. The
second dillerence between operating and financial
teases 1y that operating leases enable the lessor Lo cap-
ture the salvage value of the assel,

The duration’al an operaling lease is usually several
years an business olfice equipment, computers, build-

angs, and irucks. The contracts are not renegotiated

during their term., However, they can usually be can-
celled at the oplion of the customer {sometimes with
and sometimes without penalty). For example, the
wording m an IBM contract 1s: **. . . the customer

r oo~

may, at any time after installation, discontinue a pro{,,j,‘

cessor complex umt upon three months prior writlen
notice, or discontinue any other machmne or any field
removable feature or request a held removable down-

)
e
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grade upon onc month's written notce™" subject 1o the
payment of (ermination charges).

What are the sources ol 1isk 1o a lessor who conlein-
plates extendmg an operating lease? We shall discuss
two catcgones of risk. The hirst category ol 1isk re-
Aecls Muctuations 1n the cconomic value of the asset
over lime These changes 1 value 1esull from the un-
certain economic rite of depreciation of the asset and
from general price level and interest rale uncertainty.
The economic rate of depreciation 1s determined by the
value of (he asset in alternative uses and fram the
compelition of subsuiuics. Changes in value will re-
flcel obsolescence as well as physical detesionation
This may be termned :eplacement cost 1isk. The uncer-
tainty of the salvage value of (he asset 15 a speeial cuse
of this first category of risks related to the ceconomic
valuc of the asset Qur intent 1s to deline 1eplacement
cost risk as the genenic term for fluctuations 1 the
cconomic value of the assel resufling from uncertam-
ties such as obsolescence costs and unanticipated
changes in the peneral price level and inlerest rates

A second category of nisk relates to the charactlens-

tics of the Iessee and we shall argue that they aic ol no
special concern lo the lessor. (The reason is discussed
beluw.) Related 1 the performance ol the lessee 15 a
revenue risk. This s the rsk that the lease will be
cancelled because the lessee’s revenues ront the asscl
fall enough so that the present value of the lease puy-
ments exceeds the present value of continued use of the
asscl.
Another source of risk refated to the behavio of the
lessee is the risk of defawdt. Defaull is an mvoluntay
breach of the lease contract. It 1s common to both
financial leases and operating leases Therefore, we
shall assume that the lessor’s lending rate, k, is al-
ready adjusied to compensate [or default risk.

The usual approach o the operating lease problem is
to separate cach of the different components of nisky
cash flow and discount them at the “appropriate’” risk-
adjusted discount rate.” The type of formula olten used

1S

NPV{to lessce} =

N
Li-t) _Tdep,
L= I}.:, Ik ) E, Trkiy
MY . L(MV-BY) _ ¥ o
T R A+k)" 2 Tk

(6)

Far example, see [0}
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where ki = (i = 1)k, = the after-tax cost of
debt capital;
Tl = the mvestment tax credit forgonc by,
the lessee;
MY = (he saivape value (nmaiket value) of
the assct when the lease contract ex-
pres in year N; .
k, = the risk-adjusied after-tax discount;
rate *‘appropriate’” lo salvage nsk.;
{MY =BY) = the caputal gains tax on the differ-y
ence between the salvage value andl
the book value;
O, = the value of operating m.lmlcnancc
in period 1;
k, = the us[\-.\djuslcd after-tax chscoum
ratc “‘uppiopriale’’ to the mainte-
THIICC COStS, !
Whilc this approach is uselul in pointing out the differs
enit risks that exist, the practitioner is lorced to use ad
hec rules of thumb when altempting to estimate the
various risk-udjusted discount rates needed to solve;
Equation £6).* Another approach is suggested below.!
Of the Lypes ol risk menuoned above, only replace-
ment cost nisk (including salvage value risk) and dc-:,
fault risk arc borne by the fessor. Delault risk is com-,
pensated in the lending tale, k,, and shall not be
discusscd. Revenue risk is irrelevant to the lessor be-
cause it 1 borne by ihe lessce when he makes his
wvestmen! decision. To show why this is so, assume
for Ihe moment that the replacement cost and salvagc
value of the asset arc known with certainty. Sull lhc
lessee may cancel an operaung lease if the "present
value of the after-lax operating cash flow from his use
of the feased asset falls below the present value of the}
future case obligations. Even so, the lessor will be;
inchfferent to the cancellation becavse, given no uncer-,
tainty about the replacement or salvage value of the,
asset, 2 lease conlract can always be constructed so
that the rcp!accmcm value of the asset is equal to the
vatue of the remaining lease payments. The payoffs to’
the lessor are: 1

PayolT to lessor (given-no replacciment cost risk) 7

{ PV (lease payments) if NPV (project) > 0

PV (assct) if NPV (project) >0

Given no replacement cost uncertainty a contract can be
written so that !
PV (lease payments) = PV (assel)

Pt

S Sl

“Mamlenance vonlracts fur leased assels are separable from the leasei
conlract isclf and can be priced scparately, Therelore, we 1gnore main- it
tenance cost cash Mlows when we discuss the operating fease comrm'
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for any point i (ime. Thus, the tessor is indifferent to
revenue uncerfainty.’

Given the irrefevance of tevenue uncerlinnly, we
can proceed Lo discuss the etlect of uncertan replace-
ment costs (including uncertain salvage value) Exinb-
it 1 shows how the market value of the leased assct may
change over tme. The downwiard-slopiag solid line is
the expected decline in the asset’s value due to antici-
pated inflation, wear and tear, and obsolescence, Notc
that the value of the assel s expected to decline from
$1, to E($1,) over the life of the contract, T years. The
expecled salvage value 1s E(I;). It is reasonable to
assume that the value of the assel never falls below
zero. Given replacement cost uncertainty, the actual
value of the asset at any lime t* < T may be greater or
less than expected. The particular situation ilfystrated
at t* in Exhibit 4| shows that if the value of the asset,

. MV, falls_far cnough bclqw its expecteed value,
E(MV,.), then the lessec can improve s posilion by
Eanccllmg the lease, returning the lcased assel, and
leasing a more efficient replacement Lo do the same job
at lower cost. The option to termunate the lease is an
American pul held by Lhe lessee. The value of the put
.will be imphcnt in the lease fees.t
43 The present.value of the relevant American put, Py,
“is derived in Appendix A following the assumption ol
"a'binomial stochastic process. (Cf. Cox, Ross and Ru-
‘binsteia [21). The expected replacement cost of the
asset is assumed to decline i a straight Tne at the 1ate

*This polat is also made ain Muller and Uptan (8] laplenly, 1t 1
understood that 1 the onginal Jouse is cancelled the lessor immediacely

places the cquipment on lease agun
SEx ante, (he kessur will be scen to chiurge lur passthle sctions by the
lessee under slicmate states of nature (caplurcd i the 1 anle probability
distnbulion) Ex post, of course, the assel muy decling in value <o that
, the dessce will retugn the ssset, The lessor then must cither a) sell the
fagsel a1 markel value or b) lease it again at o lower rate. Both possibili-
E ties arc reflected in the price of the Amencin put in the ot anee analysis

{gce Equation 7)

'
T

Exhibit 1. Replacement Cost Uncertamiy

timc
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(1-8) in cach period. For convenience, we assume that
the leasc contract is wrilten so that the present value of
the renunnung lease fees is equal to the expeeted re-
placement value of the asset 1 cach lime period.
Hence the oplion 15 writlen at-the-money,

I the lease contract is wntien so that the exercise
price of the imphicd put declines at a rate slower than
the expected economic depreciation, then the probabil-
uy of cancellation increases, If there are any signifi-
cant transactions coals such ay installabion and removal
and resale expenses, then frequent cancellation 1s un-
destrable The opposite situation occurs when the exer-
cise price dechnes faster than expected economic de-
preciation. The hkelihood of carly exercise decreases
and s¢ does the imphed value of the cancellation fea-
(ure. If there are cosls 16 negoliating the terms of the
cancellation feature, then the value of the cancellation
option must cxceed ncgotiation costs. There may well
be an optunal relationship between the rate of decline
in the exercise price and the expected economic depre-
ciation of the assel. No malter what il 35, Equation (7)
will provide « numerical selution for the valve of the
Amcrican put implied in the cancellaton clause.
Modilications fn thes assumplion do not materially al-
ter the form of the oplion pricing equation. The exer-
cise price, X, lor the American pu! written on the
replacement cost of the assel is the present value of the
lease payments represented by the solid line in Exhibit
I Since the lease payments include repayment of the
cxpected economic depreciation of the asset, (1-0)
E(MV,}, we have o price the value ol an American put
for a cane i wiuch the excercise price declines al a non-
stochastic rate equal to the expected decline m Lhe
value of the asset (analogous 10 a non-stochastic divi-
dend payment). The present value of the American put

in’

P, = MAX {X-V, |IpP, + (I-p)P1 =1} (D

where
P, = MAX {8X-d8 V, pP,, + U-p) P + 1tk
P, = MAX {(6X-ub v, [pP,, + (1-p) P} = 1}
(-1} ~ (rp1)8 (r-1M8 <+ (1-d)
= _ |- = T
P u—d tp u-—d

Equation (7} may be solved iteratively in order to pro-
vide a numerical solution for any Amesican put option
where the exercise price on the oplion declines al a
non-stochastoe rate eqierl o the ov ame expecied de-
cline 10 the value of the asset. If the depreciation rate
{1-8) 15 zero, then Equanon (7) reduges exactly to the

.

e potuon used a0 Sgoation (7) s detailed i the appendis
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numerical solution of an American pul with conslant
exercise price, derived by Cox, Ross and Rubinstein
[2). As the anticipated cconomic life of the asset be-
comes shorter (i € , as it depreciules faster), the value
of the put decreases relative to by countespart — an
American put with lixed excraise price. The put nn-
plied by the leasc’s cancellation cluuse differs fiom a
regular American put because ity excrcise price de-
creases af a predetermined rale, Because the decieas-
ing excreise price is Imked to the anticipated rate of
econonuc depreciation, it totlows that the put iy worth
less as the expected hile of the underlymg asscl 1y
shorter

The eflect of the put on the lease {ees will be (o
increase them with 1) greater uncertainty m the re-
placement cost of the leased asset, 2} decreises w the
nisk-free discount rate, and 3} « lower expectied rate of
depreciation over the hie of the lease contract The
first two effects are obwvious and the thud effect makes
sense when one reahzes that we are talking about the
marginal change in lease fees causcd by the cancella-
tion opuon. The level al lease fees will decrease as lhe
expected rate of cconomic depreciation decreases, but
the cancellation oplion has greater cost (o the lessor as
the life of the asscl increases.

An American put written on 2 Jease contraet and
modeled as rr Equation (7) will capture the value of the
cancellation clause in an operating lease, The value ol
the pul will depend on the following variables,

.}- _— -|- .
P, =1 (l cm.,r(.r X 9) (8}
where | = the imial cost ol the leased asset;

ol,, = the inslantancous variance of the market
value of the asset (for annuaf binomial
vulcomes u = ¢, where @ 15 the annual
standard deviation of asset (cluins),

= onc plus the nsk-lree rate for asscls of

=
miaturity T,

T = the number of time pertods belore the
oplion expires,

X = the il cxercise pnce ol the oplion

(X=1;

[-8 = the annual rate of antcipated straight-
line depreciation 1 the vatuc of the
assel.

The sign of the partial depivative of the value of the put
with respeet to each of the vamabics 1s given above
Equalion (8).

The following numerical cxample shows how the
lessor will increase his required lease payments 1l a
lease contract 15 cancellable. Assume that a $10,000
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assct s expected 1o have a three-year economic fife and
depreciale an cqual amount cach year (re . 8 = .667).-
However, ils value may be 5C percent higher or Iower«
than expected at the end of a given year {i.e., u =
{ 50.d = .0067, o = .405). The lessor has a tax ralc of
40 percent and will wiite a two year lease.® I the lease
conlract were a strict financial lease, | would requirea
10 percent belore-tax rute of return {r.e., k;, = 10%).
The salvage value 1s uncertatn and requires a {6% risk
adjusted rate of return. For simplicity we ignore capital
gains taxation on the sufvage value and investment tax
credits, Using our ptror defunitions of the variables we
can write the competitive present value of o non-can-
cellable lease to the Tessor as follows:

2 (1-t)L, + rdep,
=T 40—k, I

0= -1+

+EMV) 9,
{14k, 5

Substituting i the appropriate values, and sotving for
the competitive lease fee we have .

- 4L, + 4(3333)
[1—(1--.4).](']}'

0= ~10,000 + I, d

3333
.’._-.-.......—_.—_.—
(1 16)?

0 = —10,000 + .6LPVIF, (6%, 2 yrs.)
+ .4(3333)PVIF, (6%, 2 yrs ) + 3333(.743) °
0 = 10,000 + ,6L(1.833) + .4(3333) (1.833)’
+ 3333(.743) !
L = $4.619 ?

Nexl, we wanl o detertine the compczilivc lease pajl.1
ments assuming that the above contract is a cancellable
operating lease. Equation (9) must be modified by subs
tractusg the present value of the American put oplion. Thc
new valuation equation s i

2 (-t L' + t.dep,

0= -1+
(=1 (+d-1 k)
% - P, UO;;“:

¥op sunplicity we will assume that the fessor amd the lessee have Ibq
same cffective lax rate  Differcntial tax rates do not affect the value: 0’5
uu. cancellation clausc.
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The value of the put (per doliar value of the asset} is
given in Exhibit A-4 as .085 Solving for the operating
Iease fee we lhive

2 )
(I—-.4)L" + .4(3333)
= ~10,000 + 2 !

0 10, =1 1+ (-4 oy

3333
{1.16)

— 85(10,000)

— 10,000 + .6L° {1 833) + 4(3331) (L.833)

o
il

+ 3333(.743) — 850

i

L $5,392
The lease fee hds increased considerably lo reflect the
extra risk of possible early cancellation of the operat-

Jng lease.
* If a lessee takes the lease fce as an input and lries to

- compute an internal rate of return (IRR) on the contract
without consxdering the American put, then there will
be a considerable upward bias in the IRR. Using the
above lease fee the computiation weuld be
l' . - 2

0= 1- g

E(MV)
(L4

(l—1)L, + tdep,
{1+ 1RRY

1~ 4) (5392) + .4(3333)

&
0 = 10,000 + X, STRR

3333
(1.16y

0 = 10,000 — 4568.4PVIF, (IRR%, 2 yrs )
- 2476 '
-7524
PVIE. (IRR%, 2 yrs ) = ———a = [,647
L (RR%, 2950 = TiSera

IRR = 14%

The management of the Jessee firm would be mistaken
to compare the 14 percent before-tax rate of return with
. the 10 percent before-tax cost of debt capital. The two
rates are not comparable because the canceliable opei-
ating lease is riskier than its non-cancellable financial
lease counterpart .
Frequently the lease may be cancelled anly if 2
“jump-sum penalty, F, 15 puid 1o the fessee, The penally
reduces the value of the cancellation clause for the

k3

o .

T

63

lessec. Numerically, the effect of the penalty can be
estimated by subtiacting the fee from the cxercise price
in Equation (7). This is shown below where P% is the
prescnt value of the cancellation clanse given a cancel-
fation fec,

P¥ = MAX{(X-F)
=VipP, o+ (t=p)P) = 1}
P, = MAX{(0X-F)
—dev.,IpP, + (1=pP) + 1}
P, = MAX{(0X-F)
- ulV,[pPy + (1 —pIP,] + 1},

_ (u-1) — (r-1/8
P u—d
(618 4 (1)

(-p) =
u—d

wheie

Summary

If the Tease s a pute Dmancil Jease, 1 is o perfect
substituie for debl and we show ihat the appropriate
discouni rale {or the leasing cash {lows (before imierest
charges} is the after-tax cost of debt cupital. On the
other hand, (f the lease contract is a cancellable operat-
g lease, 1y not a perfect substitute lor debt capital
and some higher discount rate is appropriate. This rale
may be obtained by first computing the present vitlue
of an Ametican puf with an exercise price that declines
at the same rate as the expected decline in the market
value of the leased usset. The declining exercise price
15 necessary so that at any time the expecied valuc of
the future lease payments is equal (o the expected mar-
ket value of the deprecialing, asset, An exampie shows
thad the internal rate of 1eturn on an operating lease will
be greater than on the camparable pure financial lease,
However, the apparent higher internal rate reflects the
value of the put included in the cancellation clause of

an operating leasc.
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Appendix A. Derivation of the Price of an Amencan fut
Option Where the Lixeicise Puce Deelines at 4 Non-sto-
chastic Rate Cqual 1o the Expected Dechine i the Asser’s
Value

Let V be the current value of an asset thal 15 cxpecied 1o
decline in value in a staght-fine fashion &t the raie of
(1-8) percent per time period The value of the asset at the'
end of ane period wil] be uBY (where u > 1) with prob-
abiiy « and dOV (where d = Jfu) with probabiluy F-c.
Thus, changes in the valuc of the asset ate desciibed by a
binomual process. Furthermore, the asset pays a *'divi-
dend” of {1-B)V with certainty. Exhibel A-] shows the
one-peniod payoffs [rom holding the assct

Exhibit A-1. Onc-Penod Asset Payolls
ugy + (1-e)V

1-a aev + (1-8)v

A pul oplion wrilich on the asset has the payolls shown in
Exhibit A-2.

Exhibit A-2. One-Period Put Opuon Payoffs

P MAX {0, 6X-ueV)

u

MAX [0,8¥-dBV]

o)
[}
=]
o
|13
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ij

vy
a

A
Note that the exeicise price, X, has declined by 2
amount exactly eyual to the cerfain dividend, {(I-8)V;
asbunung, that the oplion is written at the money, i.¢., if'V;
= X A riskiess hedge can be created by purchasing’ :
truction, ¥, of the visky asset and buying onc put wrilien}
on the assel. The one-period payolfs of the hiedge portfo;
lio ate given in Exhibit A-3, 1&}

iR
Exhibit A-3. Onc-Period Payof(s on the Hedge Portfolio]
2

YUBVHY{1-6) V4P i

TV+P

UG L TR

1-a Tdﬁ\fi:y(l-ﬂ}v-:-pd

In order to prevent tiskless arbitrage we require that one
plus the one-penod risk-{ree rale, 1, lie between the up
and down movementy in the binemial process, le.,
d=<Cre<u. In order o Lind the rativ, vy, which creales a
rishless hedge, equale the end-of-period payol{s from

the hedge portfolio o

yubV +y(1 =0V + P, = yd8V +y(1 —G)¥ +P, (A-

where ¥y = _.l_‘l._—__.}.)_"_ .
OV(u-d)

mu‘;t earn 1hc I‘!bk I'rcc: rale 1o wrile

ryV+P) = yuY + y(1-0)Y + P (A‘-Q
Substituting m the value of y and solving for P, w
have

3
. i
P= E

[(l ~ 118 + (I- d)J L p { (ul) — (r-1)/8 Ji

u—d u -~ d :
N T, @ﬁ
(Aij-!;'
Now, Jet ¥
_ (v - (DO d' :
—n=a
(r-1)/8 + (1-d)

(I-p) =

u — dr
Then formula (A-3) becomes
P=ipP, + {1-pP] ~ 1

Note that p + (1 =p) = §. Furthermore, ir§ = {3
thal the asset does not depreciate, then our formula Ay
is identical to that of Cox, Ross and Rubinstein [2]
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.the economic value of the assel ts expected to decline,
then B<<! and we also require that B>>(r,— 1)/(u—1)1n
order that D<p=1. in other words, the assct cannot be

‘expected (o depreciate so rapidly that riskless arbitrage

‘becomes possible.
« If the put 1s an Amenican put, Py, we must aliow for

the possibility that the put may be exercised carly.
Therefore, the pricing equation (A-3) for the one-peri-
‘od put must be rewritten as

P, = MAX{X-V,[pP, + (I—p)P} + ). (A-4)
if 1> (and it 15), it is certamnly possible that carly

exercise may be optimal.? Suppose that V is sufficient-
ly low so that X>uV=>dV. In this event, P, = 6X ~
dOV and P, = 8X-uBV Substituting these values inlo

(A-4) we have ‘ -
P, = MAX[X-V, [p(6X - dBV)
L (=) (X —u0VY] = r)

LY

: j

= MAX(X-V, fi:f_— oV lp_:.... + (1-p) L)
: ¥ ) i

»”,
Edrly excrcisc 15 advantagcous wheacve:

v oxves X oevipd s a-pty
rl re Fe i
'Slllbsututing in the vajues of p and (1 —p) this condi-
tion becomes
i r. X-V
< r
Oy

[

;nd since we know that X>V and .=, cinly exeicise
X0 D iy shows that

will be optimal if <1+

for >, 8<1 +§—(§£\72 and V sulficiently low, it
pays the put-holder to exercise his put carly lo receive
"X-V. There is aiways a ertical value for the underlying
‘risky asset V* sucl that if V<V the put should be
lexercised immediately.

v, From equation (A-4) we can move one penod back
o'derive the value of a two-period American put:

hp, = MAX{X-V, [pP, + (1=pP] + 1} (A5)

5P = MAX{8X-dBV, [pPy + (! ~PIP,] + r}(A-6)
£e P, = MAX{8X-ulV, [pP, + U -, +
-and at the expiration date,

e

.
<

;: JFthe optian s wrticn at-the-mancy, exercise the beggnnmng of he
first period will not be eptimal. However, for any later time perd V

'bmly be Jow cnough 1o make carly exercise oplanal,

&7

= MAX]0, (28— DX ~d(20~ V] (A-D)
P, = MAX|0, (28— 1)X —ud(26 — 1)V]
P, = MAXI0, (26— )X —u¥(26~ )V].

Equationy A-5 through A-7 may be solved iteratively
in order 1o compute the exact cutrent value of a two-
pertod Amernican put, For example, the value of A-7
determines the value of A-6 which m tuin delermines
the value of A-3.

Exhibit A-4 compares the prices of a *‘regular’” two-
period American put and a two-period American put
written on the value of an asset which declines al the
rate of 33 perceat per year. Note that the options are
assumed to be written at-the-money because we as-
same that an operatmng leise can be cancelled even at
the first instant by returning the equipment at its mitial
market vatue. The price of the put written on the assel
with depreciating valuc 1s always less than the price of
the corresponding American pul writlen on the same
assel withoul depreciation. This we see (it the value
of the “*special’” American put whose value has beenp
derved in us appendix iy o function of six
paramelers

L

il

P, = (V. X,r,T.0,.0). (A-B)

The first five parameters are the usual Black-Scholes
parameters and have the usual patial denvatives, In
addition, the expected depreciation of the asset is rel-

evant and 3P,/56>0.

Exhibit A-4, American Put Comparison

Prices of Two-Periond “Regulor™ Amerscun Pan

T " 13 1.5 17 LY
1 079 145 202 251
1.3 * 061 143 212
{5 * * 04y 092
(.7 . * . 041

Prices of Two-Period Americun Puls on an Avset winch
Declmey in Value

T u i3 15 17 1.9
11 040 85 124 157
13 * o L0438 80
1.5 * ¥ ] (23
1.7 * * b 1

ASTutiplions
1 X = V = £.0,1¢, the Jease opuon is writlen al-the-money

2. 0 = .667, ussumcs tiree-year sirmght-line depreciatim
1y o= 1d, assumes propartional up und down movements in value, V.
4. The exercise price on the aplion decreases ul (he saie (t-0) pereent
per peried
*When the conditiom d<ep<u 15 vinlared, there 1s no option price be-
enuse of rishiess wintmge epponunities
FThe vonddwon U2 (rp— 1#u =1} s vinlated
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I. based my methodology for estimating the value of the CLECs’ option to cancel their UNE lease
on the binomial option pricing methodology described in an article by Copeland and Weston, “A Note

on the Evaluation of Cancellable Operating Leases,” published in the Summer 1982 issue of Financial
Management.

Specifically, I estimated the lease cancellation risk premium in several steps. First, I obtained
data from Verizon on the state-specific forward-looking investment, operating expenses, depreciation,
and asset ltves for Verizon California (“Vertzon CA”). Second, I calculated the minimum lease
payments that would allow Verizon CA to recover the TELRIC cost of its network investment, pay its
operating expenses and taxes, and earn a fair rate of return on its network investment under the
assumption that CLECs cannot cancel their lease of network facilities. The lease payments 1n this step
were calculated as 1f the CLECs’ lease contract with Verizon CA were a financial lease, rather than an
operating lease. Third, I calculated the market value of the CLECs’ option to cancel their lease using the
binomnal option pricing methodology described in the Copeland and Weston article. Fourth, using the
value of the CLECs’ option as an input, I calculated the minimum lease payment that would allow
Verizon CA an opportunity to recover the forward-looking cost of 1ts network investment, pay its
operating expenses and taxes, and earn a fair rate of retum on its network investment when CLECs have
the option to cancel their lease contract. Finally, from these data, I calculated the risk premium required
to compensate Venzon CA for the additional risk they incur when CLECs have the option to cancel.

Verizon CA provided data showing that, applying the TELRIC rules, Verizon CA would have to
invest approximately $8.6 billion to reconstruct 1ts telecommunications network in California using the
most efficient technology currently available; its annual operating expenses would be approximately
$847 mullion; and the average life of this network would be approximately 17.3 years. Using these data,
I calculated the minimum lease payments that would allow Verizon CA to recover the TELRIC cost of
its network investment, pay its operating expenses and taxes, and earn a fair rate of return on its network
investment, under the assumption that the CLECs sign a non-cancelable financial lease for the use of
Verizon CA’s network facilities. To determine the lease payments, I equated the present value of the
cash inflows under the lease to the present value of Verizon CA’s cash outflows for investments,
operating expenses, and taxes. Specifically, the calculation of the lease payments was made using the
equation:

(A-7)L,-0,)+7.D, N MV

I=3 : - M
=1 (14+ ATWACC) 1+ ATWACC)

where:

I = investment in the network on total network basis,

Tc = composite corporate tax rate,

| = monthly lease payment,

D, = monthly depreciation amount,

O = monthly operating expense,

T = number of months in life of asset,

MV = salvage value of asset, and

ATWACC = after-tax weighted average cost of capital.
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Using t?g California-specific data and my estimate of Verizon CA’s after-tax weighted average cost of
capital,”™ Equation (1) can be solved for the unknown monthly lease payments, L.

Tused Verizon CA’s after-tax weighted average cost of capital to discount lease cash flows 1n my
analysis because 1t best reflects the financing mix and cost rates that Verizon CA would need to use to
finance its investment in the facilities required to provide UNEs. Since CLECs use the leasing of UNEs
as a substitute for building and owning their own telecommunications facilities (or for using alternative
facihties or technologies), the after-tax weighted average cost of capital provides correct economic
signals for the lease versus build decision. In this application it is appropriate to assume a mix of debt
and equity financing because a company investing approximately $8.7 billion to reconstruct Verizon
CA'’s network in California could never finance this investment entirely with debt. Even if CLECs sign
a financial lease that requires them to purchase UNE:s at a fixed rate for the entire life of the network,
there is no guarantee that CLECs could fulfill their contract. Indeed, Verizon CA would still face the
considerable risk that CLECs would default on their lease payments due to bankru})tcy. Verizon CA
could only reduce 1ts investment risk through a mix of debt and equity financing. 2

I calculated the mimimum lease payment that Verizon CA would have to charge if the CLECs
have an option to cancel their UNE lease by equating the present value of the lease cash inflows to the
sum of the present value of Verizon CA’s cash outflows for network investment, operating expenses,
and taxes; and the value of the option to cancel. Specifically, the calculation of the lease payment in this
scenario was made using the equation:

T{t-z. XL, -0,)+t.D, + MV

I= - P
' (1+ ATWACC)' (1+ ATWACC)Y *

2)

¢

% The after-tax weighted average cost of capital reflects the tax deductibility of interest. Thus, for example, if the

interest rate 1s 7% and the tax rate 15 50%, the after-tax weighted average cost of capital will reflect 3.5% nterest.

2’ A financial lease 1s really a substitute for owning an asset and is only a substitute for debt financing if the lessee could
realistically finance the asset with debt if they did not lease the asset. In the case of a telecommunications network
investment, 1t 1s simply unrealistic to assume that erther the CLEC or Verizon CA could finance ownership of the network
entirely with debt. A financial lease might appropriately be considered as a substitute for debt financing for relatively small
purchases such as automobiles, when the financially secure consumer can finance the purchase entirely with debt. Thus, a
financial lease 1n that instance is a substitute for debt financing, However, there are significant differences between the
consurner’s deciston to invest 1n an automobile and Venzon CA's decision to invest in a telecommunications network
relating to (1) the size of the investment, (2) the abihity to sell the investment 1n the case of financial difficulties; and (3) the
risk of default on the financial contract. In the case of the automobile investment, the amount of the investment typically is
small relanive to the lessee’s wealth; the asset is relatively easy to sell if the lessee defaults on his contract; and the likelihood
of default 1s relatively small In contrast, Verizon CA’s investment in its network in California represents its entire wealth; it
would be difficult to sell the network if the CLECs as lessees were to default on their contracts; and the hikelihood of the
CLECs’ default under a financial lease would be high Thus, for purposes of my analysis, I conclude that a financial lease 1s
really a substitute for owning an asset, and that 1t is only a substitute for debt financing if the lessee could realistically finance
the asset with debt 1f they did not lease the asset. In the case of an automobile, it ts realistic to assume that a customer can
finance ownership of the asset with debt. However, 1n the case of a telecommunications network investment, it is stmply
unrealistic to assume that either the CLEC or Venizon CA could finance ownership of the network entirely with debt.
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where P4 is the value of the option to cancel, calculated according to Copeland/Weston, and the
remaining variables are defined as in Equation (1).

I calculated the risk premium required to compensate Verizon CA for the additional risk they
incur because CLECs can cancel their leases at any time by substituting the value of the lease payments
(obtained from the previous step) into Equation (1) and solving for the after-tax weighted average cost
of capital. The required risk premium is the difference between the required rate of return on the
cancelable operating lease and the required rate of return on the financial lease. Using the Verizon CA
data, the risk premium is 3.92%.



